Summary
Influenza virus type C could be propagated to high yield in primary chick embryo kidney cell culture (PCEK) provided that trypsin (2 ~g/ml) was used as a medium supplement. The virus could also be titrated by plaque assay using P C E K host cells and influenza C virus that had been plaque-purified in P C E K cells could then be serially passaged to high titer using the allantoie route of 10--11-day-old embryonated eggs. .
The study of influenza type C has been hampered by the lack of an efficient tissue culture system which would support its growth, so that inoculation of the amniotic sac of embryonated eggs has been the primary method used for the propagation of this virus. Recently characterization of the structural components and polypeptide composition of the virus grown in this way has been reported. It appears that influenza type C has a segmented single-strand RNA genome and shares some other similarities with influenza A and B viruses (3, 4, 6, 12) , although the virus differs from other myxoviruses since it lacks an ~-neuraminidase (3).
Attempts to propagate the virus in tissue culture have been made using various cell cultures systems with some success (2, 7, 10, 11) . The most recent being a report of viral replication in MDCK cells in the presence of trypsin (10) . In our hand, the treatment of MDCK line with high trypsin concentration (20 lzg/ml) was not tolerated by the cells. Primary chick kidney cells have been useful for propagation of m a n y strains of influenza A and B viruses (8) and LOBODZI~SKA (7) has claimed some success with the use of primary chick embryo kidney cells (PCEK) for the growth of influenza type C. However, no detailed studies were reported. In this communication we describe the successful serial propagation of influenza C virus in P C E K cells and the isolation of a clone which produces plaques in PCEK cells and grows to high titer in the allantoic cavity of eggs.
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Conventional tissue culture techniques were used to establish P C E K cell monolayers. Briefly, kidneys were excised from 18-day-old chicken embryos and were processed according to a previously published m e t h o d (8) . Monolayers of cells became confluent between the third and fourth d a y after seeding. Cells were washed with H a n k s ' balanced salt solution (BSS) before being infected with the appropriate dilutions of the virus. The inoculum was adsorbed for 1 hour at 35 ° C, removed and cells m a i n t a i n e d at 35 ° C in 2 x Eagle basal medium s u p p l e m e n t e d with ~7orthington-TPCK t r y p s i n (2 ~zg/ml) and 0.1 per cent fraction V of bovine serum albumin (BSA). After incubation for 48 to 72 hours, the extracellular fluid was removed and tested for hemagglutination a c t i v i t y at 4 ° C using 0.5 per cent chicken red blood cells.
W h e n influenza C was t i t r a t e d b y plaque assay, infected monolayers were covered with an agar overlay after an adsorption period of 1 hour at 35 ° C. The composition of the agar overlay was as described b y SUGIURA and KILBOUR~E (13) for the Chang conjunctival cell line clone 1-5c-4, but modified to contain a final agar concentration of 1.2 per cent and trypsin at a final concentration of 2 ~g/ml. After incubation for 2 to 3 days at 35 ° C a second overlay of agar was added with a composition similar to that in the original overlay but also containing 60 Izg/ml neutral red, and the cultures were returned to 35 ° C for further incubation. The strain of influenza C used was C/Ann Arbor/i/50 t h a t had been isolated in this laboratory (5, 9) and had a history of 33 amniotie passages in e m b r y o n a t e d chicken eggs. As originally reported, the virus failed to be passaged serially when inoculated into the Mlantoic cavity of eggs. W h e n inoculated into P C E K cells at a multiplicity of 10 EIDs0/cell, the virus grew to m a x i m u m tiger between 48 to 72 hours after infection (Fig. 1) . The rate of appearance of eytopathic changes paralleled virus growth and CPE was a p p a r e n t at 48 hours and was m a x i m a l as evidenced b y cell d e t a c h m e n t at 72 hours post-infection (p. i.).
After 9 serial passages in chick embryo kidney cells, the virus was t i t r a t e d b y plaque assay in the same system. Distinct plaques were evident which increased in size with d u r a t i o n of incubation. Clones were picked at various times up to the sixth d a y p. i. and inoculated directly into the allantoic sac of e m b r y o n a t e d eggs. F u r t h e r studies were done using clone 2 picked on the fourth day p. i. since it produced high yields of both h e m a g g l n t i n i n a n d infectious virus u p o n inoculation of the allantoic sac of e m b r y o n a t e d eggs. Results of the serial passages of clone 2 in the allantoic cavity of e m b r y o n a t e d eggs are shown in Table 1 . I t is a p p a r e n t t h a t u p o n serial passages using the allantoic route virus growth was consistent with high H A a n d infectivity titers. I n addition, it was found t h a t t r ) T s i n was n o t necessary as a additive in the diluent for the allantoic inoculation. A comparison of titrations of the original seed virus and of the allantoic fluid stock of clone 2 by egg inoculation using the allantoie route and plaque assay is shown in Table 2 . a No. of passages in the allantoie cavity of embryonated eggs b I-temagglutination tiger using 0.5 per cent fowl red blood eells at 4 ° C c EIDs0/ml = Egg infectious dose 50 using the Mlantoie route of inoculation a In PCEK eells, incorporating trypsin (TPCK) at a eoneentration of 2 ~g/ml e Not done Table 2 . The infectivity of the original seed virus when propagated in the allantoie cavity of embryonated eggs is low when compared to that of clone 2. In addition, the original virus did not form plaques as did the allantoic fluid stock of clone 2. It is evident that propagation in PCEK cells increased both the infectivity and plaqueforming ability of the virus. The identity of this virus as influenza C was accomplished using the hemagglutination-inhibition test (HAI) with antiserum prepared in this laboratory in 1972 by intranasal infection of ferrets with C/Ann Arbor/I/50 using the original seed virus. Antiserum to the strain C/Taylor~1233~47 (obtained from Dr. Alan P. Kcndal of the Center for Disease. Control, Atlanta) also inhibited the plaquepurified, allantoically-grown stock of influenza C/Ann Arbor/i/50 (done 2).
Hemagglutination and in/ectivity titers o] a clone o/ C/Ann Arbor~I~50 alter 9 passages in P C E K cells and 5 passages in the allantois of 11 day-old embryonated eggs
Thus the P C E K tissue culture system supported the replication of influenza C virus, and enabled us to plaque purify the strain and isolate a clone that grows to high titer not only in the PCEK cells (providing trypsin is present) but also that reproducibly grows to high titer in the allantoic cavity of embryonated eggs. Preliminary results suggest the PCEK system also supports the replication of the recently isolated influenza C strain C/New Jersey/1/76 (obtained from Dr. Kenda] CDC). The availability of the avian host cell system for growth of influenza C ar the isolation of a clone growing to high titer in the allantoic cavity of eggs, may ~ expected to facilitate biochemical and genetic analysis of the virus. Since b factors have often been observed to influence results obtained when studying structure, replication and biological properties of influenza A and B virus, should be valuable now to have the PCEK cell system as an alternative to MDCK cells, which have recently also been reported to support replication of influenza C (10).
